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DFFXUDF\RIPLFURVWUXFWXUHGVXUIDFHVDQGPLQLPDOWKHUPDOORDGRQVXUURXQGLQJPDWHULDOLVLPSRUWDQWIRUHOHFWURQLF
FRPSRQHQWVVXFKDVVRODUFHOOVWRR,QVRODUFHOOSURFHVVLQJWKHVHOHFWLYHDEODWLRQRIWKLQOD\HUVHJPRO\EGHQXP
3 SURFHVV VWHS UHTXLUHV WDLORUHG LQWHQVLW\ GLVWULEXWLRQ =RQHV RI WKH*DXVVLDQ EHDP SURILOH DERYH WKH DEODWLRQ
WKUHVKROGLQGXFH863VSHFLILFFROGDEODWLRQGXHWRWKHUHPRYDORIWKHKHDWHGPDWHULDOEXW]RQHVZKLFKDUHEHORZ
WKHDEODWLRQ WKUHVKROGJHQHUDWHXQZDQWHG UHVLGXDOKHDWDQG WKLV UHVXOWV LQ WKHJHQHUDWLRQRIDQ+$=>*HF\VHWDO
@7KHVH+$=FDQEHDYRLGHGE\DSSO\LQJDWRSKDWVKDSHGLQWHQVLW\GLVWULEXWLRQ>%LVFKRIIHWDO@7KH
LQWHQVLW\ GLVWULEXWLRQ LV HYHQ PRUH LPSRUWDQW LQ DEODWLRQ RI WHPSHUDWXUHVHQVLWLYH GLDPRQGOLNH FDUERQ '/&
FRDWLQJV$V WKHVH'/& FRDWLQJV DUH DGYDQWDJHRXV LQ WULERORJLFDO DSSOLFDWLRQV GXH WR WKHLU XQLTXH FKHPLFDO DQG
PHFKDQLFDO SURSHUWLHV XQZDQWHG KHDW LQSXW GXH WR ODVHU SURFHVVLQJ ZRXOG UHVXOW LQ SDUWLDOO\ JUDSKLWL]HG ]RQHV
>'RQQHW HW DO @ 7KH XQGHVLUHG FKDQJH RIPDWHULDO SURSHUWLHV DIIHFW IULFWLRQ DQG FDQ GHFUHDVH WULERORJLFDO
SHUIRUPDQFH 7KHUHIRUH PDWHULDO DQG PLFURVWUXFWXUH JHRPHWU\ GHSHQGHQW HQHUJ\ LQSXW LV GHVLUDEOH LQ PDQ\
DSSOLFDWLRQVWREHQHILWIURPWKHDGYDQWDJHVRI863ODVHUSURFHVVLQJ)XUWKHUPRUHLQYHVWLJDWLRQVRQWKHDFFHOHUDWLRQ
RI 863 ODVHU SURFHVVHV WDUJHW KLJKHU SURGXFWLYLW\ ZKLFK LV LPSRUWDQW LQ LQGXVWULDO DSSOLFDWLRQV )RU SURFHVV
SDUDOOHOL]DWLRQXQGHUWKHFRQVWUDLQWRIKLJKVWUXFWXUHTXDOLW\WKHSXOVHHQHUJ\ZKLFKLVDYDLODEOHE\KLJKSHUIRUPDQFH
863ODVHUVRXUFHVKDVWREHGLVWULEXWHGRQWKHVXEVWUDWH>5XQJHWDO@+RORJUDSKLFEHDPVKDSLQJE\DVSDWLDO
OLJKWPRGXODWRU6/0LVDQDGHTXDWHDSSURDFKWRIXOILOOWKHUHTXLUHPHQWVRQ863SURFHVVLQJUHJDUGLQJKLJKTXDOLW\
DQGKLJKHIILFLHQF\
7KHUHDOL]DWLRQRIDQHIILFLHQWEHDPVKDSLQJSURFHVVUHTXLUHVDGHILQHGUHWDUGDWLRQRIWKHVSDWLDOSKDVHRIWKHODVHU
EHDP $V WKH H[DFW SKDVH UHWDUGDWLRQ RI HDFK 6/0 UHSUHVHQWV PDQXIDFWXUHU VSHFLILF H[SHUWLVH WKH VSDWLDO
GHSHQGHQF\RIWKLVIXQFWLRQLVPHDVXUHGLQWKLVSDSHU7KHPHDVXUHGYDULDWLRQVDUHFRPSHQVDWHGWRDFKLHYHDGHVLUHG
SKDVHUHWDUGDWLRQ7KHHIIHFWRIWKLVFDOLEUDWLRQRQWKHDFFXUDF\RIPLFURVWUXFWXULQJLVGLVFXVVHGDQGWKHLPSRUWDQFH
IRU WKH HIILFLHQF\ RI EHDP VKDSLQJ DV ZHOO DV LQ JHQHUDO PLFUR PDWHULDO SURFHVVLQJ LV VKRZQ 7KXV VXIILFLHQW
GLIIUDFWLRQHIILFLHQF\ZKLFKLVQHFHVVDU\IRUHIILFLHQWEHDPVKDSLQJZLWKKLJKSXOVHHQHUJ\ODVHUVLVWDUJHWHGE\WKH
FDOLEUDWLRQRIWKH6/0
0HWKRGV
2.1. Experimental setup for phase response measurement 
,Q RXU VWXGLHV 6/0V IURP +DPDPDWVX +RORH\H DQG %RXOGHU 1RQOLQHDU 6\VWHPV %16 DUH H[DPLQHG IRU
PDWHULDO SURFHVVLQJ 7KH SKDVH UHVSRQVH RI HDFK V\VWHP LV PHDVXUHG WR HQDEOH WKH SURSHU FRQWURO RI WKH SKDVH
UHWDUGDWLRQ)RUWKDWSXUSRVHWKHUDZEHDPRIDODVHUDWQPRUQPLVH[SDQGHGZLWKDSDLURIOHQVHV/
DQG/LQ)LJWRKDYHDHðEHDPGLDPHWHUFRUUHVSRQGLQJWRWKHGLDJRQDOOHQJWKRIWKH6/07KHODVHUEHDPLV
UHIOHFWHGDWWKH6/0¶VDFWLYHDUHDDWDPLQLPXPLQFLGHQWDQJOHRI7KHQWKHODVHUEHDPSURSDJDWHVWKURXJKWKH
OHQV / 7KRUODEV /$& I PP ZKLFK FRQYHUWV WKH SKDVH PRGXODWHG ODVHU EHDP LQWR WKH IDUILHOG
LQWHQVLW\ GLVWULEXWLRQ ,Q WKH IRFDO SODQH RI WKH OHQV / D SLQKROH LV PRXQWHG WKDW DOORZV RQO\ WKH ILUVW RUGHU RI
GLIIUDFWLRQWRSDVV7KHWUDQVPLWWHGODVHUSRZHULVUHFRUGHGZLWKDSRZHUPHWHU&RKHUHQW3RZHU0D[86%899,6
4XDQWXP3RZHU6HQVRU

)LJD6HWXSWRPHDVXUHWKHSKDVHIXQFWLRQEWKHWKUHHWHVWHG6/0VDQGFWKHVWUDWHJ\RIPHDVXULQJWKHSKDVHIXQFWLRQORFDOO\
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2.2. Determination of the phase function 
7KHNQRZOHGJHRIWKHSKDVHUHVSRQVHDFTXLUHGE\WKHSKDVHUHVSRQVHPHDVXUHPHQWLVLPSRUWDQWZKHQD6/0LV
XVHGIRUKRORJUDSKLFODVHUEHDPVKDSLQJ,WHQDEOHVWKHFDOLEUDWLRQDQGOLQHDUL]DWLRQRIWKHV\VWHP>(QJVWU|PHWDO
@ 7KH SKDVH IXQFWLRQ LV HYDOXDWHG E\ WKH DFTXLVLWLRQ RI WKH ODVHU SRZHU LQ WKH ILUVW RUGHU RI GLIIUDFWLRQ
GHSHQGLQJ RQ WKH FRQWURO YDOXH FY ZKHQ D ELQDU\ JUDWLQJ LV DSSOLHG 7KH VWHS KHLJKW RI WKH ELQDU\ JUDWLQJ LV
VXFFHVVLYHO\LQFUHPHQWHG7KHSKDVHIXQFWLRQLVGHWHUPLQHGIRUE\VHFWLRQVLQRUGHUWRWDNHVSDWLDOGLIIHUHQFHVRI
WKH /&R6 LQWR DFFRXQW:KLOH WKH JUDWLQJ LV GLVSOD\HG LQ RQH VHFWLRQ RQO\ WKH UHVW RI WKH GLVSOD\ UHPDLQV DW D
FRQVWDQWELWOHYHO7KLVPHDVXUHPHQWLVVXEVHTXHQWO\GRQHIRUHDFKVHFWLRQ7KHVHTXHQFHRIWKHVSDWLDOO\UHVROYHG
SKDVHPHDVXUHPHQWLVVKRZQLQ)LJF7KHPHDVXUHGODVHUSRZHULVQRUPDOL]HGIRUDOOGDWDVHWVDQGWKHPHDQ
YDOXH DQG WKH VWDQGDUG GHYLDWLRQ DUH FDOFXODWHG 7KH SKDVH IXQFWLRQ LV FDOFXODWHG IURP HDFK QRUPDOL]HG SRZHU
IXQFWLRQ3FYDFFRUGLQJWRHTDQGWKHQWKHPHDQSKDVHIXQFWLRQLVFDOFXODWHG7KHFRHIILFLHQWRIGHWHUPLQDWLRQ
RIWKHOLQHDUILWRIWKHSKDVHIXQFWLRQLVLQGLFDWLQJWKHOLQHDULW\RIWKHSKDVHUHWDUGDWLRQE\WKH6/0
߮ሺܿݒሻ ൌ ʹ ݏ݅݊ିଵ ඥܲሺܿݒሻ   
2.3. Characterization of intensity distribution, diffraction efficiency and result of material removal 
7R LQYHVWLJDWH WKH HIIHFWV RI WKH 6/0VSHFLILF SKDVH IXQFWLRQ DQG WKH EHQHILWV RI WKH FDOLEUDWLRQ RQ
PLFURVWUXFWXULQJ FRPSXWHU JHQHUDWHGKRORJUDPV DUH DSSOLHG DW WKH6/0 WR VKDSH WKH*DXVVLDQ ODVHU EHDP LQWR D
TXDGUDWLFWRSKDWSURILOH7KHFDOFXODWLRQRIWKHSKDVHKRORJUDPZDVUHDOL]HGE\WKHHVWDEOLVKHG*HUFKEHUJ6D[WRQ
DOJRULWKP *6$ >*HUFKEHUJ HW DO @ ,Q WKLV LWHUDWLYH DOJRULWKP WKH DPSOLWXGH LQ WKH GLIIUDFWLRQ SODQH 3
)LJLVDVVXPHGDVDQLGHDO*DXVVLDQVKDSHGEHDPDQGLQWKHLPDJHSODQH3WKHGHVLUHGDPSOLWXGHLVJLYHQE\D
WRSKDW


)LJ([SHULPHQWDOVHWXSIRUPDWHULDOSURFHVVLQJWKHHYDOXDWLRQRILQWHQVLW\SURILOHVDQGWKHPHDVXUHPHQWVRIWKHGLIIUDFWLRQHIILFLHQF\
&KDUDFWHUL]DWLRQ RI WKH WRSKDW LV GRQH DFFRUGLQJ WR',1 E\ FDPHUDEDVHG ,'68,6(0*/5
DFTXLVLWLRQ RI WKH LQWHQVLW\ LQ WKH LPDJH SODQH 3 >',1(1 ,62@7KH LQFLGHQW DQJOH RI WKH ODVHU
EHDPRQ WKH6/0ZLWK WKHGLDPHWHUD1 PPDPRXQWV WR7KHVKDSHGEHDP LVFROOLPDWHGE\DIVHWXS
FRQVLVWLQJRIWZRFRQYH[OHQVHV//DQGWKHWHOHFHQWULF)WKHWDOHQV/ZLWKf3 PP7RDFKLHYHWKHEHIRUH
PHQWLRQHGDGYDQWDJHVRIFROGPDWHULDODEODWLRQDKLJKKRPRJHQHLW\RI WKHLQWHQVLW\UHSUHVHQWV WKHPDMRUJRDO7R
HYDOXDWHWKHKRPRJHQHLW\WKHIODWQHVVIDFWRUFLFRIWKHWRSKDWLVDVVHVVHGE\WKHUDWLRRIWKHPHDQLQWHQVLW\Imean
DQGWKHPD[LPXPLQWHQVLW\ImaxRIWKHWRSKDWHT
ܨܮܨሺݖሻ ൌ ܫ௠௘௔௡ሺݖሻ ܫ௠௔௫ሺݖሻ
൘   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7KHEHDPXQLIRUPLW\LVHYDOXDWHGE\PHDQVRIWKHVSHFNOHFRQWUDVWSCRIWKHWRSKDWSODWHDXZKLFKUHSUHVHQWVWKH
QRUPDOL]HGVWDQGDUGGHYLDWLRQRIWKHWRSKDWDFFRUGLQJWRHT>*RRGPDQ@
ܵܥሺݖሻ ൌ ߪூሺݖሻ ܫ௠௘௔௡ሺݖሻ
൘    
7KH GLIIUDFWLRQ HIILFLHQF\ Șdiff RI WKH ILUVW RUGHUZKLFK DOORZV IRU HYDOXDWLRQRI WKH DSSOLHG KRORJUDP DQG WKH
6/0LVWKHTXRWLHQWRIWKHGLIIUDFWHGSRZHUP1DQGWKHSRZHUWKDWLVUHIOHFWHGDWWKH6/0Prefl
ߟௗ௜௙௙ ൌ ଵܲ ௥ܲ௘௙௟൘   
$GGLWLRQDOO\ WKH WRWDO HIILFLHQF\Ștot LQFOXGLQJ WKH ORVVHV GXH WR DEVRUSWLRQ DW WKH OLTXLG FU\VWDO OD\HU DQG WKH
UHIOHFWLYHEDFNSODQHLVFDOFXODWHGDFFRUGLQJWRHT
ߟ௧௢௧ ൌ ଵܲ ௜ܲ௡௖௜ௗ௘௡௧ൗ ൌ
ଵܲ
ሺ ௥ܲ௘௙௟ ൅ ௟ܲ௢௦௦ሻ൘
  
7KHDYHUDJHODVHUSRZHURIWKHUDZEHDPLVPHDVXUHGEHIRUHWKH6/0DW3DQGRIWKHQRQGLIIUDFWHGDVZHOODV
WKHGLIIUDFWHGSDUWVDUHDFTXLUHGDIWHUWKH6/0DW3UHVSHFWLYHO\3$GGLWLRQDOO\WRWKHVHFKDUDFWHUL]DWLRQPHWKRGV
WKH VWHHO DOOR\  LV SURFHVVHG ZLWK WKH VKRZQ VHWXS 7KH JHQHUDWHG PLFURVWUXFWXUH LV WRSRJUDSKLFDOO\
FKDUDFWHUL]HGE\PHDQVRIODVHUVFDQQLQJPLFURVFRSH/60PHDVXUHPHQWV7KHDEODWLRQHIILFLHQF\LVFDOFXODWHGE\
WKHUDWLRRIDEODWHGYROXPHGHSHQGLQJRQWKHDSSOLHGSXOVHHQHUJ\LQWKHWRSKDW 
5HVXOWVDQGGLVFXVVLRQ
3.1. Specifications of the investigated spatial light modulators 
7KHVSHFLILFDWLRQVRI WKH LQYHVWLJDWHG6/0VDUHGHVFULEHG LQ7DE7KH UHOHYDQWGDWD LV VHOHFWHG IURPRQOLQH
SURYLGHGVSHFLILFDWLRQV>+DPDPDWVX%16+RORH\H@7KHUHVROXWLRQGHVFULEHV WKHQXPEHURISL[HOVDORQJ
WKH YHUWLFDO DQGKRUL]RQWDO D[LVRI WKH6/07KHSL[HO SLWFK FKDUDFWHUL]HV WKHGLVWDQFH RI WKH FHQWHUVRI DGMDFHQW
SL[HOV7KLVGLVWDQFHOLPLWVWKHPD[LPXPVSDWLDOIUHTXHQF\DQGKHQFHWKHPD[LPXPGLIIUDFWLRQDQJOHZKLFKFDQEH
DFKLHYHG7KHILOOIDFWRUFF)UHSUHVHQWVWKHFRYHUDJHRIWKHUHIOHFWLYHFRDWLQJE\WKHSL[HODWHGVXUIDFH'XHWRWKH
LVRODWLRQ IRUSL[HOL]DWLRQD VHSDUDWLRQJDS LVQHFHVVDU\ VR WKDWDGHQVLW\RIRI WKH UHIOHFWLYHFRDWLQJ LVQRW
DFKLHYDEOH$FRPPRQWHFKQLTXHWRRYHUFRPHWKLVLVVXHLVWRILOOXSWKHVHSDUDWLRQJDSEHIRUHWKHUHIOHFWLYHFRDWLQJ
LVGHSRVLWHGDVLWLVDSSOLHGIRU6/0%7KHDFWLYHDUHDLVDJHRPHWULFPHDVXUHRIWKHSL[HODWHGVL]HRIWKH6/0,Q
WKH SUHVHQWHG LQYHVWLJDWLRQ WKH RSHUDWLRQ ZDYHOHQJWK RI WKH FRQVLGHUHG V\VWHPV LV OLPLWHG WR HLWKHU QP RU
QP EXW WKHPDQXIDFWXUHUV SURYLGH V\VWHPV IRUPRVWZDYHOHQJWKVZLWK DGDSWHG OLTXLG OD\HU WKLFNQHVV DQG D
VXLWDEOHUHIOHFWLYHFRDWLQJ
)RUODVHUPDWHULDOSURFHVVLQJRQHZLOOFKRRVHWKHV\VWHP%EHFDXVHRILWVVXSHULRUILOOIDFWRUZKLFKLVRIWHQXVHG
DVDQLQGLFDWRURIWKHHIILFLHQF\RIWKHV\VWHP7KH6/0&LVRQO\DYDLODEOHZLWKDPHWDOOLFUHIOHFWLRQFRDWLQJDQG
WKXVLVOHVVVXLWDEOHIRUODVHUPDWHULDOSURFHVVLQJGXHWRWKHLQKHUHQWO\ORZGDPDJHWKUHVKROGRIWKLVW\SHRIFRDWLQJ
,QWKHIROORZLQJZHSUHVHQWDGGLWLRQDOGDWDFKDUDFWHUL]LQJWKHRSWLFDOUHVSRQVHRIWKHWKUHHWHVWHGV\VWHPVZKLFKDUH
LPSRUWDQW WR DVVHVV V\VWHP¶V SHUIRUPDQFH 2XU PHDVXUHPHQWV VKRZ WKDW WKH SURYLGHG VSHFLILFDWLRQV DUH QRW
VXIILFLHQWWRSURSHUO\GHVFULEHWKHV\VWHPV
 
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7DEOH6SHFLILFDWLRQVRIWKHLQYHVWLJDWHG6/0V
$EEUHYLDWLRQLQWKHWH[W $ % &
6/0PRGHO +DPDPDWVX±; %16 +RORH\H±/(72
5HVROXWLRQ [ [ [
3L[HOSLWFK P P P
)LOOIDFWRU   
$FWLYHDUHD [PP [PP [PP
3KDVHOHYHOVIRUʌ ELW ELW ELW
2SHUDWLRQZDYHOHQJWK QPDQGQP QP QP
5HIOHFWLYHFRDWLQJ 'LHOHFWULF 'LHOHFWULF 0HWDOOLF
3.2. SLM-specific phase function 
$SSO\LQJPHDVXUHPHQWPHWKRGGHVFULEHGLQVHFWLRQWKHSKDVHIXQFWLRQRIWKH6/0V$DQG%LVGHWHUPLQHG
DWQPZDYHOHQJWKZKLOH V\VWHP& LVFKDUDFWHUL]HGDWQP)RUHDFKV\VWHPDVLQXVRLGDO IXQFWLRQRI WKH
SRZHULVFOHDUO\YLVLEOH)LJD:KLOH%VKRZVQRUHVSRQVHIRUWKHILUVWFRQWUROYDOXHVFYWKHV\VWHP$DQG&
LQGXFHDFKDQJHHYHQLQWKHILUVWFY)XUWKHUPRUHWKHORZVWDQGDUGGHYLDWLRQLVDQLQGLFDWRUIRUVSDWLDOXQLIRUPLW\RI
WKHSKDVHIXQFWLRQRYHUWKHZKROHDFWLYHDUHD7KHXQLIRUPLW\LVUHSUHVHQWHGE\WKHPHDQVWDQGDUGGHYLDWLRQZKLFK
LVS IRUV\VWHP&DQGS IRU6/0$)RUWKHV\VWHP%LWLVPXFKKLJKHUZLWKS 
7KHSKDVHIXQFWLRQLVFDOFXODWHGDFFRUGLQJWRHTXDWLRQIRUDOO WKUHH6/0VDVGHSLFWHGLQ)LJE)RUHDFK
V\VWHP D OLQHDU ILW LV FDOFXODWHGZKHUHE\ WKH FRHIILFLHQWRIGHWHUPLQDWLRQ 5ð LV UHSUHVHQWLQJ WKH OLQHDULW\RI WKH
SKDVHUHVSRQVHRIWKHV\VWHP+HUH$VKRZVWKHEHVWOLQHDUEHKDYLRUZLWKD5ð &DQG%DUHGHWHUPLQHGWR
DQGUHVSHFWLYHO\)URPWKHORZPHDQVWDQGDUGGHYLDWLRQDQGWKHKLJKFRHIILFLHQWRIGHWHUPLQDWLRQWKH
6/0V$DQG&FDQEHRSHUDWHGZLWKDOLQHDUSKDVHIXQFWLRQWKDWFDQEHJOREDOO\DSSOLHGIRUDOOSL[HOV,QFRQWUDVWWR
WKHLQGLYLGXDOSKDVHIXQFWLRQKDVWREHFRQVLGHUHGIRUHDFKVHFWLRQRI6/0%7KHDSSDUHQWQRQOLQHDUEHKDYLRURI
WKH6/0%UHVXOWVLQDFRUUHFWHGG\QDPLFUDQJHRISKDVHOHYHOV)RUWKHV\VWHP$DVLWLVFDSDEOHWRVKLIWʌ
WKH G\QDPLF UDQJH DPRXQWV WR  SKDVH OHYHOV 7KH 6/0& LVPHDVXUHGZLWK  SKDVH OHYHOV IRU ʌ7KLV LV
UHDVRQHGLQDVFDOLQJRSHUDWLRQSHUIRUPHGZLWKLQWKHGULYLQJFLUFXLWVRIWKHGHYLFH

 
)LJD3RZHUIXQFWLRQDQGESKDVHIXQFWLRQ
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3.3. Effects of SLM-specific phase response on beam quality and diffraction efficiency 
%DVHGRQWKHHYDOXDWLRQRIWKHSKDVHIXQFWLRQRIWKHGLIIHUHQW6/0VWKHV\VWHP%KDVWREHFRUUHFWHGWRDFKLHYH
WKHGHVLUHGVSDWLDOXQLIRUPSKDVHUHVSRQVH)RU WKHDVVHVVPHQWRI WKHHIIHFWRI WKLVFRUUHFWLRQ WKHEHDPSURILOHDV
ZHOODVWKHHIILFLHQF\RIWKUHHFRQILJXUDWLRQVDUHGLVFXVVHG
, WKHQRQFRPSHQVDWHG6/0$
,, WKHQRQFRPSHQVDWHG6/0%DQG
,,, WKHFRPSHQVDWHG6/0%
&RPSHQVDWLRQ RI HDFK SKDVH KRORJUDP LV GRQH DV DSSURYHG E\ Engström et al. 7KH GHVLUHG KRORJUDP LV
PXOWLSOLHGZLWKDVHYHQWKRUGHUSRO\QRPLDORIWKHHYDOXDWHGSKDVHIXQFWLRQDVWKLVRUGHUKDVVKRZQFRPSDUDWLYHO\
ORZPHDQDQGORZPD[LPXPSKDVHHUURULIFHQWUDO6/0VXEUHJLRQVDUHDVVHVVHG,QRSWLFDOWUDSSLQJH[SHULPHQWV
WKH SRO\QRPLDO FRUUHFWLRQ PHWKRG RI WKH SKDVH OHG WR VLPLODU VWLIIQHVV RI SDUDOOHO  WUDSV ZKLFK LQGLFDWHV WKH
XQLIRUPLW\RIGLVWULEXWHGLQWHQVLW\>(QJVWU|PHWDO@7KHSKDVHKRORJUDPVZKLFKDUHDSSOLHGLQFRQILJXUDWLRQ
,WR,,,DUHVKRZQLQ)LJ2QWKHOHIWVLGHWKHQRQFRPSHQVDWHGE\S[KRORJUDPRIFRQILJXUDWLRQ,
DQGWKHE\KRORJUDPRIFRQILJXUDWLRQ,,ZKLFKWUDQVIRUPWKH*DXVVLDQUDZEHDPLQWRDP[P
WRSKDWDUHGHSLFWHG2QWKHULJKWWKHSKDVHPDVNRIFRQILJXUDWLRQ,,,LVVKRZQ


)LJD+RORJUDPVRIFRQILJXUDWLRQ,UHVSHFWLYHO\,,DQGEFRUUHFWHGKRORJUDPRIFRQILJXUDWLRQ,,,RIDPVTXDUHWRSKDW
7KHPHDVXUHG LQWHQVLW\SURILOH LQ WKH LPDJHSODQH3RI OHQV/)LJZKLFK LVVKDSHGE\HDFKRI WKH WKUHH
FRQILJXUDWLRQVLVVKRZQLQ)LJ7KHUHDUHQRVLJQLILFDQWVSHFNOHVRFFXUULQJLQWKHDFTXLUHGWRSKDWSURILOHEHFDXVH
WKLVFDPHUDEDVHGPHDVXUHGLQWHQVLWLHVVKRZWKHUHVXOWRIWKHWLPHDYHUDJLQJRIVXEVHTXHQWKRORJUDPV$FFRUGLQJWR
Amako et al. D ILQLWHQXPEHURIKRORJUDPVZKLFK DUH FDOFXODWHGEDVHGRQGLIIHUHQW LQLWLDO SKDVHGLVWULEXWLRQVDUH
DSSOLHG DQG LQWHJUDWHG WR JHW RQH SLFWXUH IRU HYDOXDWLRQ >$PDNR HW DO @ ,Q WKLV SDSHU  GLIIHUHQW SKDVH
KRORJUDPVDUHDSSOLHG


)LJ,QWHQVLW\LQWKHLPDJHSODQHRIOHQV/DLQFRQILJXUDWLRQ,DQGEDQGFWKH6/0%LQFRQILJXUDWLRQ,,DQG,,,UHVSHFWLYHO\
7KHUH DUH QR REYLRXV GLIIHUHQFHV IRU WKH VKDSH DQG KRPRJHQHLW\ RI WKH WRSKDW LQ WKH ILUVW RUGHU LQ )LJ
+RZHYHUWKHPRUHGHWDLOHGHYDOXDWLRQRIWKHWRSKDWDFFRUGLQJWR',1VKRZVWKDWWKHWRSKDWWUDQVIRUPHGE\
6/0$KDVWKHKLJKHVWIODWQHVVIDFWRU)LJDZKLFKVKRXOGEHFLF LQWKHFDVHRIDQLGHDOWRSKDW7KHIODWQHVV
GRHVQRWFKDQJHVLJQLILFDQWO\GXHWRFRUUHFWLRQRIWKHKRORJUDPDW6/0%)ODWQHVVIDFWRURIFRQILJXUDWLRQ,,DQG
,,,GRQRWH[FHHGWKHIODWQHVVDFKLHYHGE\FRQILJXUDWLRQ,7KHWRSKDWVKDSHGE\FRQILJXUDWLRQ,VKRZVWKHEHVW
UHVSHFWLYHO\ORZHVWVSHFNOHFRQWUDVWSC WRR)LJD7KHUHE\WKHFRUUHFWLRQRIWKHSKDVHUHVSRQVHGHFUHDVHVWKH
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VSHFNOHFRQWUDVW%RWKHYDOXDWHGSDUDPHWHUVVKRZWKDWWKHFRPSHQVDWLRQGRHVQRWOHDGWRDKLJKHUEHDPTXDOLW\WKDQ
WKHWRSKDWVKDSHGE\6/0$7KHHIIHFWRIWKHREVHUYHGFRPSDUDWLYHO\ORZGLIIHUHQFHVRQWKHTXDOLW\RIJHQHUDWHG
PLFURVWUXFWXUHVLVGLVFXVVHGODWHURQLQFKDSWHU
7KHFRPSHQVDWLRQPDLQO\DIIHFWVWKHGLIIUDFWLRQHIILFLHQF\DVLWFDQEHTXDOLWDWLYHO\REVHUYHGLQ)LJWRR7KH
FRUUHFWLRQRI6/0%OHDGVWRDVLJQLILFDQWO\KLJKHUGLIIUDFWLRQHIILFLHQF\)LJE7KHQRQGLIIUDFWHG]HURWKRUGHU
KDV D VLJQLILFDQWO\ ORZHU JUH\ YDOXH LQ FRQILJXUDWLRQ , WKDQ LQ FRQILJXUDWLRQ ,,, DQG ,, $GGLWLRQDOO\ WKH
LQWHQVLW\ RI WKH VHFRQG RUGHU RI GLIIUDFWLRQ LV ORZHU GXH WR FRPSHQVDWLRQ WRR 7KH GLIIUDFWLRQ HIILFLHQF\ RI WKH
6/0$ PHDVXUHG DW SODQH 3 LV Șdiff  )LJE &RQILJXUDWLRQ ,, VXIIHUV IURP FRPSDUDWLYHO\ ORZ
GLIIUDFWLRQHIILFLHQF\RIȘdiff 7KHFDOLEUDWLRQQHDUO\TXDGUXSOHV WKHGLIIUDFWLRQHIILFLHQF\7KHUHIRUH WKH
GLIIUDFWLRQHIILFLHQF\RIFRQILJXUDWLRQ,,, LVVWLOO ORZHU WKDQFRQILJXUDWLRQ,$OWKRXJKWKHILOO IDFWRURI6/0%
FF  LVKLJKHU WKDQ WKHRQHRI6/0$ZLWKFF  WKHGLIIUDFWLRQHIILFLHQF\GRHVQRW DWWDLQ WKHRQHRI
6/0$ 7KHUHIRUH LW FDQ EH FRQFOXGHG WKDW WKH GLIIUDFWLRQ HIILFLHQF\ LV QRW RQO\ DIIHFWHG E\ WKH KDUGZDUH
VSHFLILFDWLRQZKLFK WKHPDQXIDFWXUHUVSURYLGH7KHQHFHVVDU\FRPSHQVDWLRQRI WKHSKDVH UHVSRQVH LQ WKHFDVHRI
6/0%OHDGVWRPRUHWLPHFRQVXPLQJKRORJUDPFDOFXODWLRQ7KXVWKHFRPSHQVDWLRQGHFUHDVHVWKHIUDPHUDWHDQGLV
GLVDGYDQWDJHRXVIRUEHDPVKDSLQJRSHUDWLRQVZKLFKUHTXLUHKLJKIUDPHUDWHVIRUKRORJUDPYDULDWLRQDWWKH6/0IRU
ODVHUPDWHULDOSURFHVVLQJ

 
)LJD)ODWQHVVIDFWRUFLFDQGVSHFNOHFRQWUDVWSCRIWKH[PWRSKDWDVZHOODVEGLIIUDFWLRQHIILFLHQF\ȘeffRIWKHILUVWRUGHURI
GLIIUDFWLRQPHDVXUHGDWSODQH3DQG3IRUWKHKRORJUDPWRVKDSHWKHWRSKDW
3.4. Quality, ablation efficiency and total efficiency of material removal  
8VLQJWKHH[SHULPHQWDOVHWXSLQ)LJWKHVWHHODOOR\LVLUUDGLDWHGDQGSURFHVVHGZLWKWKHPÂP
WRSKDWDWGLIIHUHQWIOXHQFHV)RUPDWHULDODEODWLRQN ODVHUSXOVHVZHUHDSSOLHGZLWKLQGLYLGXDOO\FDOFXODWHG
KRORJUDPV(DFKKRORJUDPLVDSSOLHGIRUDVHTXHQFHRI WHQODVHUSXOVHVVRWKDWDVHTXHQFHRI WKHKRORJUDPVLV
VKRZQRQFH7KHODVHUSXOVHIUHTXHQF\ZDVFKRVHQWRfP +]ZKLFKLVORZHUWKDQWKHVZLWFKLQJIUHTXHQFLHVRI
WKH LQYHVWLJDWHG 6/0V DQG HQDEOHV KRORJUDP VZLWFKLQJ EHWZHHQ VXEVHTXHQW ODVHU SXOVHV 7KH JHQHUDWHG VTXDUHG
PLFURVWUXFWXUHVVKRZQHLWKHUDQ\FRQILJXUDWLRQGHSHQGHQWVLJQLILFDQWGLIIHUHQFHRIWKHGLPHQVLRQVQRURIWKHVKDSH
RIWKHVWUXFWXUHFRQWRXU)LJ7KHFRPSHQVDWLRQRIWKHSKDVHHUURUGRHVQRWVLJQLILFDQWO\LPSURYHWKHTXDOLW\RI
WKH WRSKDW SURILOH UHJDUGLQJ WKH PHDQ VXUIDFH URXJKQHVV Sa )LJD 7KH URXJKQHVV RI WKH ERWWRP RI WKH
PLFURVWUXFWXUHV LVFKDUDFWHUL]HGE\IOXHQFHGHSHQGHQWRFFXUULQJQDQRULSSOHVDQGPLFURFRQHVZKLFKVWRFKDVWLFDOO\
DULVH LQSLFRVHFRQGODVHUVWUXFWXULQJGXH WR LQWHUIHUHQFHHIIHFWVDW WKH LQLWLDOVXUIDFHURXJKQHVV>/LXHWDO @
%HFDXVHRIWKHVPDOOREVHUYHGFKDQJHVRIWKHURXJKQHVVDVZHOODVWKHIODWQHVVIDFWRUDQGWKHVSHFNOHFRQWUDVWWKH
FRPSXWLQJDVVXPLQJFRPSHQVDWLRQLVQRWMXVWLILHGIURPWKHRIDEODWLRQTXDOLW\WRR7KLVPDUJLQDOLPSURYHPHQWRI
WRSKDW KRPRJHQHLW\ZRXOG EH EHQHILFLDO RU UHTXLUHG IRU DEODWLRQ SURFHVVHVZKLFK DUH YHU\ VHQVLWLYH WR LQWHQVLW\
YDULDWLRQVHJPLFURVWUXFWXUHJHQHUDWLRQZLWKYHU\ORZURXJKQHVVDWWKHVWUXFWXUHERWWRP+RZHYHUIXUWKHUPHWKRGV
RILQWHQVLW\RSWLPL]DWLRQVXFKDVFORVHGORRSFRQWURORIWKHLQWHQVLW\SURILOHSUREDEO\ZRXOGLQFUHDVHEHDPTXDOLW\
PRUHGUDVWLFDOO\FRPSDUHGWRWKHSUHVHQWHGFRPSHQVDWLRQ
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

)LJ+HLJKWDQGH[HPSODU\FURVVVHFWLRQRIWKHPLFURVWUXFWXUHJHQHUDWHGZLWKDFFRQILJXUDWLRQ,6/0$GFRQILJXUDWLRQ,,QRQ
FRPSHQVDWHG6/0%DQGIKFRQILJXUDWLRQ,,,FRPSHQVDWHG6/0%DWGLIIHUHQWIOXHQFHV)KRORJUDPVfP +]N 
7KHPDMRUHIIHFWRISKDVHHUURUFRPSHQVDWLRQLVREVHUYHGIRUWKHVLJQLILFDQWLQFUHDVHRIWKHGLIIUDFWLRQHIILFLHQF\
Șdiff7KHKLJKHUGLIIUDFWLRQHIILFLHQF\OHDGVWRDKLJKHUSXOVHHQHUJ\EPZKLFKLVDYDLODEOHIRUPDWHULDODEODWLRQ$V
WKHPD[LPXPDEODWLRQHIILFLHQF\RISLFRVHFRQG ODVHUEDVHGUHPRYDO IRUVWHHODOOR\VFDQEHREVHUYHG LQD IOXHQFH
UDQJH RI ) -FPð WR -FPð )LJE ZKLFK FRLQFLGHV ZHOO ZLWK LQYHVWLJDWLRQV RI IXUWKHU VWXGLHV IURP
1HXHQVFKZDQGHU HW DO  WKH GLIIUDFWLRQ HIILFLHQF\ LV YHU\ LPSRUWDQW WR UHDOL]H HIILFLHQW PLFURVWUXFWXULQJ
SURFHVVHV :LWKRXW WKH FRPSHQVDWLRQ RI WKH VSDWLDOO\ GHSHQGHQW SKDVH HUURU WKH RSWLPDO IOXHQFH IRU PD[LPXP
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DEODWLRQHIILFLHQF\FDQQRWEHDFKLHYHG)LJE7KLVOLPLWRIWKHSXOVHHQHUJ\ZKLFKFDQEHLUUDGLDWHGRQWKH6/0
UHVXOWVLQWKHIDFWWKDWWKHVDPHIOXHQFHVZKLFKZHUHDSSOLHGE\FRQILJXUDWLRQ,DQG,,,HYHQFDQQRWEHUHDOL]HG
E\FRQILJXUDWLRQ,,)LJ
7KXV GLIIHUHQW GLIIUDFWLRQ HIILFLHQFLHV OHDG WR KLJK GLIIHUHQFHV RI WKH WRWDO HIILFLHQF\ RI 6/0 EHDP VKDSLQJ
V\VWHPVDSSOLHGIRU863ODVHUEDVHGPDWHULDOUHPRYDO)LJF7KHORZHVWWRWDOHIILFLHQF\RIFRQILJXUDWLRQ,,FDQ
EHVLJQLILFDQWO\LQFUHDVHGE\SKDVHHUURUFRPSHQVDWLRQRIFRQILJXUDWLRQ,,,+RZHYHUWKHKLJKHVWWRWDOHIILFLHQF\
RIFRQILJXUDWLRQ,LVVWLOOQRWUHDFKHGDOWKRXJKWKHGLIIUDFWLRQHIILFLHQFLHVRIFRQILJXUDWLRQ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